Therapeutic application of the specific pharmacological properties of certain cations has been made frequently. Intravenous injection of calcium chloride has long been used for the relief of certain types of tetany;'8 magnesium sulfate injections have been widely employed in the relief of convulsions;2 it has been stated that the injection of magnesium salts may control certain cardiac arrhythmias;28 barium chloride by mouth has been recommended in the treatment of heart block;4 and renewed interest in the toxicity of potassium has resulted from its association with cortical adrenal inisufficiency.'0 Conventional statements regarding the physiological effects of these ions frequently fail to distinguish between the responses of the mammalian and of the amphibian heart. So little attention has been paid to quantitative considerations that disturbances produced only by large amounts of a salt have been attributed to the administration of much smaller amounts. The resultant confusion has led to certain misconceptions.
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'Accordingly, the effects upon the mammalian cardiovascular system of salts of potassium, calcium, magnesium, and barium have been made the subject of a systematic quantitative study.7 '8"18"19o20 24 25 Dogs and cats under morphine and local anesthesia were employed. The chlorides or sulfates of these elements were injected at a slow, uniform rate until death. Serial electrocardiograms were taken during the course of injection, and arterial blood pressure was continuously recorded. At the gastro-intestinal tract will tolerate potassium salts only in relatively small amounts. As little as five grams of potassium chloride in a single dose may produce abdominal discomfort, and larger quantities are apt to induce nausea and vomiting.23 Because of the relatively slow excretion of potassium in renal insufficiency, the possibility of cardiac poisoning from the oral administration of potassium salts in this condition has been considered. 17 Smillie"7 found that death ensued shortly after oral administration of potassium salts to rabbits with uranium nephritis. We have amplified his experinients, using the dog as an experimental animal. Two factors were found which make oral poisoning by potassium a difficult matter. First, the pylorus shuts down as soon as a solution of potassium salts enters the stomach, so that passage into the intestine and subsequent re-absorption is much retarded. (This pylorospasm may be responsible for the gastro-intestinal symptoms observed in man after the oral administration of potassium salts.) Second, the rate of excretion of potassium by the kidneys is normally so rapid that even when potassium salts are introduced directly into the intestine a sufficient elevation of potassium in the serum can only be obtained after the ureters are ligated. Neither complete anuria nor direct entry of potassium into the intestine commonly occurs in nephritis in man, so these conditions necessary for experimental poisoning are wanting. seldom fatal, the occasional sudden death occurring during intravenous injection of calcium in patients3'27 is very probably due to ventricular fibrillation. The lowest concentration at which this was observed to occur in dogs was 30 mg. per cent, a concentration considerably greater than that attained in man by the injection of the customary therapeutic dose of calcium salts. This fact presumably accounts for the rarity of such fatalities. It is, however, quite possible that very occasionally a heart might be peculiarly disposed to the development of ventricular fibrillation, and so respond in this way to an ordinarily innocuous concentration of calcium.
Calcium and Digitalis: The danger of sudden death during the administration of calcium in digitalized patients has been emphasized.3 It has been suggested that the digitalized heart is peculiarly sensitive to the toxic effects of calcium.5 Experimentally in dogs it was impossible to find any evidence for such sensitivity.'9 Review of the cases reported"9 indicates that patients probably died from sudden ventricular fibrillation precipitated by calcium. Since this is a characteristic toxic effect of calcium in normal animals, occurring occasionally at concentrations as low as 30 mg. per cent, it is unnecessary to assume any special sensitivity imparted by digitalis. It is simpler to suppose that certain diseased hearts are prone to the development of fibrillation, and that the danger of the injection of calcium to the digitalized patient is primarily the danger of the injection of calcium in any patient with cardiac disease.
MAvagnesium
Magnesium injections in the dog produced: (1) Fall in blood pressure associated with cutaneous vasodilatation (3 to 4 mg. per cent of magnesium in serum); (2) cant effect on the heart. This is borne out by serial electrocardiograms, taken during the course of magnesium injections in man, which fail to show any significant changes.26 Cardiac block and eventual arrest occur at the much higher concentrations that can be attained only if artificial respiration is employed. They are, therefore, devoid of dinical significance and the value of magnesium in the prevention of ectopic rhythms is questionable.
Magnesium sulfate injections have been employed in the treatment of convulsive disorders of various types. In this dinic more than fifty patients have been so treated without fatality, supporting the contention that magnesium has no deleterious effects on the cardiovascular system at concentrations consistent with the maintenance of respiration. Since the knee-jerk and other tendon-jerks disappear at a slightly lower level than does respiration in both man and animals, these reflexes serve as valuable guides in the therapeutic injection of magnesium.
Barium
Barium is administered to man in very small doses only in order to stimulate ventricular automaticity in cases of heart-block. 4 utes, and the electrocardiogram shows a ventricular tachycardia (C). Intraventricular block de-3. Intraventricular velops (D) and pressure falls to zero. The heart block and diastolic arrest later slows, block increases (E), and the heart characterize the toxic influfinally stops in diastole.
ence of potassium when injected intravenously.
4. It is unlikely that cardiac poisoning due to potassium ever occurs in man, since dangerous concentrations cannot be attained in the serum after oral administration. of blood pressure. Toxic effects on the heart appear only at concentrations incompatible with maintenance of spontaneous respiration and are without clinical significance. 7 . Fatal toxic effects in man are due to respiratory failure. Disappearance of tendon-jerks is a sign of impending respiratory failure.
8. Barium in small doses produces hypertension and ventricular arrhythmias. Ventricular fibrillation frequently occurs.
9. With all ions the rate of infusion should be slow enough to prevent the transitory development of high concentrations in the coronary circulation.
